c
I
n 2002, a middle-aged man (42 years old) was diagnosed with stage IV (T4 N2c M1) Epstein-Barr virus (EBV)-positive undifferentiated carcinoma with all of the pathological characteristics of nasopharyngeal carcinoma (NPC). This NPC patient (HLA A11, B60, B62) presented with multiple pulmonary metastases. He underwent a course of chemotherapy (3 cycles of induction cisplatin and fluorouracil [5FU]) and high-dose palliative radiotherapy to the nasopharynx and upper (60 Gy in 30 fractions over 6 weeks) and lower (50 Gy) cervical nodes, followed by 3 more cycles of cisplatin and 5FU. This treatment resulted in a complete radiological regression of pulmonary metastases and partial regression of NPC at the primary site. Three years later, the pulmonary metastases became radiologically apparent again and were treated with six cycles of carboplatin and 5FU. Following this, six cycles of gemcitabine were administered. In each case, while a complete regression of the lung metastases was seen, the lesion subsequently recurred, prompting a further nine cycles of gemcitabine. However, despite this, his disease progressed, suggesting resistance to gemcitabine. Carboplatin was added for another nine cycles in late 2006; radiological evidence demonstrated disease progression and resistance to chemotherapy.
In September 2007, the patient commenced adoptive immunotherapy, for which he received six infusions (on a fortnightly basis, during a 3-month period) of autologous EBV-specific cytotoxic T lymphocytes (CTLs) directed toward the latent membrane protein (LMP) of this virus (1) . This treatment resulted in regression of the majority of pulmonary metastases. To generate these LMP-specific cells, autologous peripheral blood mononuclear cells (PBMCs) were screened for reactivity to two different HLAcompatible LMP 1-and 2-specific CTL epitopes. A response against the LMP 2 peptide epitope SSCSSCPLSK (SSC) (1) was detected in this patient. Subsequently, autologous PBMCs were stimulated with SSC-coated autologous lymphoblastoid cell lines (LCLs) and expanded to yield large numbers of LMP-specific CTL cultures (see the legend to Fig. 1 for details) . These cultures were screened for specificity by 51 Cr release assays and for phenotype by flow cytometry after 21 days. In the functional 51 Cr release studies, a single LMP 2 response to the HLA A11-restricted peptide (SSC) was detected (2) 6 CTLs on a fortnightly basis during a 3-month period. The patient provided written informed consent, and the protocol was approved by the ethics committee of the Queensland Institute of Medical Research and Princess Alexandra Hospital, which conforms to the Declaration of Helsinki.
Peripheral blood was obtained before and at multiple time points after CTL infusion for evaluation of EBV DNA levels in both PBMCs and plasma, as well as for ex vivo LMP specificity. Significant levels of EBV DNA were detected in the plasma of this patient 24 h after each infusion, followed by a sharp decrease. This was particularly noticeable following the third infusion, when the EBV DNA level rose about 5-fold following infusion. EBV DNA levels in the PBMCs were significantly lower, although minor peaks were observed following infusion (Fig. 2) . The LMP specificity was assessed by enzyme-linked immunosorbent spot (ELISPOT) assay. No ex vivo LMP 1 or LMP 2 memory response was detected (data not shown).
The patient was monitored for safety by clinical observation and regular screening of blood samples for deviations from normal values. No immediate or long-term toxicity was observed. The only adverse events experienced were mild (grade 1 or 2 events), and all hematological parameters were normal (data not shown). The most common adverse events experienced were fatigue and weakness, arthralgia, pain, hemoptysis, and epistaxis.
Clinical responses were evaluated from computed tomography (CT) and magnetic resonance imaging (MRI) scans before and after CTL therapy to identify the presence of tumors and any change in the sizes of lesions. Baseline scans prior to treatment and at 3 months were followed by a scan at 6 months from the initial adoptive transfer.
A scan prior to treatment (Fig. 3a) reported multiple solid and cystic metastatic lesions in both lungs. The largest solid lesion in the lower right lobe anteriorly measured 34.3 mm, and there was a 25.2-mm solid lesion in the middle right lobe, making the baseline longest diameter (LD) equal to 59.5 mm (determined with RECIST 1.1). A scan performed 3 months post-adoptive transfer (Fig. 3b) revealed that the lesion in the middle right lobe had resolved but that the lesion in the lower right lobe had become cystic and measured 32.7 mm, giving a followup LD of 32.7 mm (with RECIST 1.1). All solid lung lesions had resolved or become cystic. Some of the previously cystic lesions had increased in size, some had decreased in size, and some had resolved.
Overall, there were significant decreases in the sizes of the mediastinal and hilar lymphadenopathies 3 months after the last infusion. Moreover, the majority of the pulmonary lesions were replaced by pneumatoceles, and the smaller lesions were no longer evident. There was no progression in the number of pulmonary deposits (Fig. 3) . However, there was no change in the residual primary lesion. Five months later, the lung metastases recurred and the patient subsequently died.
Epstein-Barr virus (EBV), a herpesvirus family member, has been associated with posttransplant lymphoproliferative disease (PTLD), Hodgkin's lymphoma (HL), and nasopharyngeal carcinoma (NPC) (3). Following primary infection, EBV persists for life as a latent infection which is controlled by cytotoxic T lymphocytes (CTLs) (4).
EBV-positive NPCs express the latent membrane proteins 1 and 2 (LMP 1 and 2), as well as EBV nuclear antigen 1 (EBNA 1), all of which have limited immunogenicity. Currently, treatment for NPC based on radiation and/or chemotherapy is associated with significant side effects. Hence, there is a need for specific therapies that target the tumor itself rather than therapies that are associated with destruction of normal tissue.
Adoptive immunotherapy for the treatment of PTLD has been successfully utilized for over 10 years, using autologous EBV-immortalized LCLs to stimulate the expansion of EBV-specific CTLs (5-8). Based on the success of treating PTLD, several studies have investigated the potential of activated EBV-specific CTLs to cause regression of advanced NPC (9) (10) (11) . These studies indicate that treatment of these patients was associated with clinical benefit, particularly in patients with locoregional disease. However, the outcome of NPC patients with recurrent metastatic disease was limited (12) . Thus, it remains important to consider different methods of T cell activation that might be more effective.
Interestingly, recent results of both phase I and phase II clinical trials in human papillomavirus (HPV)-associated vulvar intraepi- Generation of autologous LMP-specific CTLs from PBMCs was achieved by stimulating the PBMCs three times (days 0, 7, and 14) with ␥-irradiated peptide epitope-coated LCLs at a ratio of 30:1 and culturing them in RPMI 1640 containing 10% fetal bovine serum with 40 IU of interleukin 2 (IL-2). CTLs were tested for LMP specificity in a 51 Cr release assay, using autologous PHA blast cells or LCLs as target cells. The PHA blast cells were coated with 10 Ϫ5 M and 10 Ϫ7 M peptide epitopes. Autologous LCLs and an HLA-mismatch LCL were used as controls. Responses to the HLA A11-restricted peptide SSCSSC PLSK (SSC) were detected. MM, mismatch. thelial neoplasia have demonstrated that peptide vaccination might be an effective method of treatment in both unifocal and multifocal disease (13, 14) . For this reason, our patient was treated with EBV-specific CTLs to assess the potential use of adoptive transfer of peptide-activated CTLs for immunotherapy of NPC. In this disease, EBV gene expression is limited to LMP proteins and immunologically compromised EBNA 1 (15) . Previous studies have determined that peptide-coated LCLs rather than peptide alone activated strong LMP 1 and 2 responses (1). The current report assesses the safety, tolerability, and efficacy of adoptive transfer of CTLs specific for LMP in a single NPC patient. The infused cells contained CTLs specific for LMP 2 and were well tolerated following adoptive transfer. Indeed, similar treatment of another patient who was in complete remission was also well tolerated (data not shown).
PBMCs were monitored to determine if there was an increase in the level of ex vivo LMP-specific CTLs following each infusion. No ex vivo response was detected. This result is consistent with a previous publication in which CTLs were activated by a different method and in which there was little if any response in the majority of NPC patients (10) . Indeed, the level of the memory LMPspecific CTL response is generally very low even in healthy individuals (16) .
The level of EBV DNA in PBMCs and plasma was monitored both before and after each infusion since quantitation of the EBV DNA has been suggested as a molecular marker for clinical research monitoring (17, 18) . A peak was detected in plasma samples after each infusion (Fig. 2) . It is possible that these peaks are related to the lysis of NPC cells by the infused CTLs. This pattern was similar to that previously reported for NPC patients treated with conventional therapy (17) . In contrast, successive peaks in EBV DNA levels in PBMCs were less convincing.
Although the infused CTLs had no apparent effect on the growth of the primary tumor mass, a scan performed 3 months after the last infusion revealed that most of the pulmonary lesions were no longer evident (Fig. 3) . It is possible that the infused CTLs had better access to the lung than to the site of the initial lesion, as the treatment of patients with chemo-radiation results in scar tissue formation and a diminished blood supply (including ingress of specific CTLs) to the tumor because of radiation-induced endarteritis obliterans.
The result seen with this patient is somewhat encouraging in that most of the metastatic lesions disappeared following adoptive transfer, but further patients will need to be treated so that a conclusion can be drawn as to the utility of this treatment.
